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PREFACE 


The  investigation  covered  by  this  report  was  an  evaluation  of  the  Water-Sure®  050 
Chlorination  Unit  for  operational  effectiveness  for  the  chlorination  of  water.  Work  covered  by 
this  report  was  conducted  under  Project/Task  1L162733AH20-EW,  “Water  and  Wastewater 
Management.” 

The  investigation  was  conducted  by  Cindy  M.  Shall.  Staff  Sergeant  Patrick  J.  Shields  pro¬ 
vided  engineering  technical  assistance. 
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EVALUATION  OF  WATER-SURE®  050  CHLORINATOR 


I.  INTRODUCTION 

1.  Background.  World  Water  Resources  Incorporated  manufactures  a  chlorination  unit 
which  is  a  flow-through  system  allowing  calcium  hypochlorite  tablets  to  dissolve  in  the  water 
stream  to  maintain  a  desired  level  of  residual  chlorine.  Because  of  the  simplicity  of  design,  this 
chlorination  unit  is  being  used  in  various  areas  of  the  world.  For  example,  it  is  used  in  some 
United  States  embassies  within  countries  where  the  water  is  not  potable  and  in  rural  areas  of 
the  United  States  where  the  unit  provides  safe  water  to  the  economically  deprived  population. 
This  chlorination  unit  has  potential  application  for  use  with  the  600-gal/h  Reverse  Osmosis 
Water  Purification  Unit  (ROWPU).  The  ROWPU  is  a  mobile  water  purification  system  used  by 
the  Army  to  purify  fresh,  brackish,  and  salt  water  by  the  process  of  reverse  osmosis.  The 
chlorination  unit  was  tested  30  June  to  17  July  1981  in  Building  325,  Mobility  Equipment 
Research  and  Development  Command  (MERADCOM),  in  order  to  verify  the  operational 
capability  of  the  unit  and  to  determine  the  feasibility  of  its  use  with  the  ROWPU  system. 

II.  INVESTIGATION 

2.  Equipment  The  chlorinator  manufactured  by  World  Water  Resources  Incorporated  used 
in  this  test  was  a  Water-Sure®,  Model  050  modified  from  gravity  flow  to  a  flow-through 
system  (Figure  1).  The  chlorinator  is  made  of  National  Sanitation  Foundation-approved 
Cycolac  ABS  plastic  with  special  chlorine-resistant  seams.  The  hopper  and  lid  are  made  of 
polyethylene.  The  hopper  holds  the  calcium  hypochlorite  tablets.  The  hopper  can  be  twisted 
higher  or  lower  into  the  flow  of  water  to  allow  more  tablets  or  less  tablets  to  be  exposed  to  the 
flow.  Holes  in  the  bottom  of  the  hopper  allow  the  water  to  come  in  contact  with  the  tablets. 
The  lower  the  hopper,  the  greater  the  amount  of  tablets  exposed  and,  consequently,  the  higher 
the  chlorine  concentration.  The  hopper  level  can  be  checked  with  the  aid  of  level-markers, 
ranging  from  0-9  A,  B,  C,  and  D,  inscribed  on  the  hopper.  The  0-A  level  places  the  hopper 
highest  in  the  flow  of  water,  and  the  9-D  level  places  it  lowest.  A  brass  bleeder  valve  protrudes 
from  the  incoming  hose,  aiding  the  fine  adjustment  of  the  chlorine  concentration.  If  the  valve 
is  closed,  less  water  runs  over  the  tablets,  so  a  lesser  amount  of  tablets  is  dissolved,  and  vice- 
versa. 


The  testing  for  residual  chlorine  was  done  with  a  Standard  Army  Color  Comparator  kit 
which  is  a  component  of  the  Army  Water  Quality  Analysis  Set,  Engineer.  The  standard  Army 
procedure  was  followed.  The  indicator  used  to  determine  the  amount  of  free  available  chlorine 
in  the  test  water  was  N,  N-Diethyl-p-phenylenediamine  (DPD)  in  tablet  form.  The  calcium 
hypochlorite  tablets  used  for  testing  were  manufactured  by  Olin  Corporation  and  have  65  per¬ 
cent  available  chlorine. 


3.  Procedure.  The  equipment  layout  for  the  testing  is  shown  in  Figure  2.  The 
experiment  was  divided  into  two  phases:  potable  Fairfax  County,  Virginia,  water  was  used  in 
the  first  phase,  untreated  Potomac  River  water  was  used  in  the  second.  The  source  of  the 
potable  water  for  the  first  phase  was  a  fire  hydrant  located  in  front  of  Building  325,  MERAD- 
COM.  The  flow  rate,  which  varied  from  day  to  day  between  20  and  22  gal/min,  was  monitored 
by  a  flow  meter.  The  chlorinator  was  adjusted  via  the  hopper  level  to  maintain  an  average 
chlorine  residual  of  5.0  p/m.  This  level  of  free  available  chlorine  is  required  by  the  Office  of 
the  Surgeon  General  for  field  water  disinfection  (Department  of  the  Army  Technical  Bulletin, 
Medical  229;  page  7,  Table  2).  This  phase  ran  for  6  days,  4  hours  per  day. 

The  second  phase  of  the  experiment,  using  untreated  Potomac  River  water,  had  a 
similar  set-up  to  the  first  phase,  except  that  the  water  was  pumped  from  the  river  to  an  outlet 
inside  the  building.  A  flow  rate  of  20  to  22  gal/min  was  maintained.  This  phase  ran  for  4  days, 
approximately  8  hours  per  day.  On  days  3,  5,  and  8  of  testing,  the  system  was  alternately 
operated  for  30  min  and  shut  down  for  15  min,  simulating  the  extreme  start-stop  conditions 
which  could  occur  with  the  ROWPU  equipment. 

As  shown  in  Tables  1  and  2,  the  schedule  for  running  the  system  varied  daily, 
but  a  typical  testing  series  proceeded  as  follows: 

a.  Fill  hopper  one-fourth  to  one-half  full  with  calcium  hypochlorite  tablets. 

b.  Close  valve  at  bottom  of  contact  tank. 

c.  Open  water  source  gate  valve. 

d.  Adjust  flow  so  that  flow  meter  reads  between  20  and  22  gal/min. 

e.  Take  influent  water  sample  from  valve  preceding  the  flowmeter.  Test  for  residual 
chlorine  and  record  results. 

f.  Open  valve  at  bottom  of  contact  tank. 

g.  Take  effluent  water  sample  from  discharge  hose  of  holding  tank.  Test  for  residual 
chlorine  and  record  result. 

h.  Regulate  the  hopper  level  when  necessary  to  maintain  a  chlorine  residual  of 
5.0  p/m. 

i.  Repeat  procedure  as  dictated  by  the  testing  schedule. 
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III.  RESULTS 


4.  Test  Data.  The  results  obtained  in  the  testing  of  the  Water-Sure®  050  chlorinator 
are  given  in  Tables  1  and  2. 


IV.  DISCUSSION 

5.  Observations.  The  following  observations  were  noted  during  testing: 

a.  The  chlorinator  never  required  longer  than  10  min  to  reach  the  5.0  p/m  level 
or  higher  of  residual  chlorine.  Once  that  level  was  reached,  the  concentration  did  not  vary 
more  than  ±  3.0  p/m  residual  chlorine.  The  total  average  of  the  residual  chlorine  readings  was 
calculated  to  be  5.3  p/m. 

b.  The  residual  chlorine  level  of  the  water  was  raised  each  time  the  tablets  were 
changed  because  of  the  calcium  hypochlorite  dust  washing  from  the  tablets. 

c.  When  the  contact  tank  overflowed,  because  the  gate  valve  was  not  opened  enough, 
the  chlorinator  backed  up  with  water  and  the  tablets  became  wet.  This  excessive  exposure  to 
water  caused  the  tablets  to  dissolve  more  rapidly,  thus  increasing  the  chlorine  concentration. 

d.  Immediately  following  the  overflow,  the  chlorine  residual  level  decreased 
slightly  because  the  freshly  chlorinated  water  had  been  flowing  off  of  the  top  of  the  contact 
tank. 


e.  While  untreated  Potomac  River  water  was  being  used,  there  was  a  pronounced 
increase  in  the  frequency  with  which  the  tablets  had  to  be  replaced  in  the  hopper. 

f.  A  brownish  red  deposit  (probably  rust)  on  the  inside  surfaces  of  the  chlorinator 
was  observed  on  the  third  day  of  testing  with  the  potable  water  source.  On  the  ninth  day  of 
testing,  some  of  the  residue  was  scraped  off  the  walls.  Periodic  maintenance  to  remove  this 
residue  should  be  performed. 

6.  Discussion.  The  Water-Sure®  050  chlorinator  was  tested  for  its  efficiency  in 
chlorinating  both  potable  w  ater  and  untreated  Potomac  River  water.  The  test  was  designed  to 
determine  if  the  chlorinator  could  reach  and  maintain  a  desired  chlorine  residual  level  of  5.0 
p/m  and,  if  so,  the  length  of  time  required  and  the  operator  interaction  involved. 
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Tables  1  and  2  show  that  in  all  but  one  instance  a  chlorine  residual  of  5.0  p/m 
or  higher  was  reached  within  10  min  from  the  time  the  system  was  started.  The  first  readings 
were  always  taken  within  10  min  of  turning  on  the  system.  On  the  third  day  of  testing,  a  low 
reading  of  1.8  p/m  residual  chlorine  was  the  result  of  taking  the  reading  immediately  after  the 
hopper  was  filled  with  calcium  hypochlorite  tablets.  The  calcium  hypochlorite  tablets  had  not 
had  time  to  dissolve.  When  the  next  reading  was  taken,  30  min  later,  the  system  had  stabilized 
and  a  5.0  p/m  chlorine  residual  was  obtained. 

There  was  a  pronounced  increase  in  the  frequency  with  which  the  calcium  hypochlorite 
tablets  had  to  be  replaced  in  the  hopper  when  untreated  river  water  was  used  as  the  water 
source.  The  residual  chlorine  level  of  the  Fairfax  County  water  used  as  the  influent  water  was 
0.0  to  0.1  p/m  throughout  the  testing  period.  The  higher  level  of  organic  matter  in  the  un¬ 
treated  river  water  caused  the  higher  chlorine  demand  and,  consequently,  the  tablets  were 
depleted  more  quickly. 

Although  quantitative  data  were  not  collected  on  the  amount  of  calcium  hypochlorite 
tablets  used  during  testing,  it  is  estimated  that  for  the  entire  test  period  3  pounds  of  calcium 
hypochlorite  tablets  were  used.  On  days  1  and  3,  the  hopper  was  filled  to  one-half  capacity.  On 
days  6  and  8,  the  hopper  was  filled  to  one-fourth  capacity.  On  days  9  and  10,  the  hopper  was 
filled  twice  during  the  day  to  one-fourth  capacity.  System  operation  on  days  2,  4,  5,  and  7  did 
not  require  additional  calcium  hypochlorite  tablets. 

Throughout  the  testing,  the  bleeder  valve  on  the  chlorinator  was  opened  completely, 
allowing  a  maximum  water  flow  through  the  hopper  area.  The  residual  chlorine  level  was 
maintained  using  only  the  various  hopper  levels.  These  data  are  presented  in  Tables  1  and  2. 

The  hopper  level  varied  from  0-A  to  9-D,  but  the  most  frequently  used  level  was  1-D. 
This  was  the  level  which  placed  the  hopper  low  enough  in  the  flow  of  water  to  allow  the  tablets 
to  dissolve  at  the  rate  necessary  to  produce  and  maintain  a  5.0  p/m  chlorine  residual  reading. 

V.  CONCLUSIONS 
7.  Conclusions.  It  is  concluded  that: 

a.  The  Water-Sure®  050  Unit  is  an  effective  method  for  chlorinating  water  under 
the  test  conditions. 

b.  The  Water-Sure®  050  Chloridation  Unit  could  be  used  for  field  water  chlorination. 
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